Aim: To compare hospital admissions from infancy to adulthood, between children born with orofacial clefts (OFC) and those without OFC. Results: Overall, 1396 children were diagnosed with an OFC and compared with 6566 children without OFC. Individuals born with OFC were up to three times more likely to be admitted to hospital, had more admissions and longer cumulative length of stay in all age periods. Children with OFC were also more likely to be admitted for ear and digestive system conditions (RR up to 30 and 6 times higher respectively). Children with CLAP and CPO were more likely to be admitted for respiratory conditions (RR 1.3 to 2.0) and children with CPO were six times more likely to be admitted for care for other congenital anomalies.
WHAT IS ALREADY KNOWN:
• Burden of all-cause hospital admissions for children with clefts is greater than for children without clefts at younger ages
• Hospitalisation is greater for children with cleft lip and palate or cleft palate only than for children with cleft lip only
WHAT THIS STUDY ADDS:
• Difference in admissions between those with and without clefts is greatest in infancy and younger ages, and although continues to adulthood, narrows as age increases
• Burden of hospitalisations is related to cleft management and admissions associated with respiratory, middle ear and dental conditions, and other congenital anomalies
• Number of admissions has remained constant, but length of stay in hospital has declined in more recent years
INTRODUCTION
Orofacial clefts (OFC) occur in around 1 in 700 births. [1] [2] [3] Children born with OFC need multidisciplinary care from birth to adulthood, including surgery, speech therapy, general dentistry and orthodontics. 4 Few population-based studies have investigated the use of hospital services for children with OFC. Increased admission rates and duration of time in hospital, accompanied by substantial higher hospitalisation costs have been described for children with OFC compared to children without OFC, [5] [6] [7] but these studies have focused on all admissions, particularly those in the first one or two years of life. More recently, Fitzsimons et al 8 described admissions from all causes as well as those directly related to OFC in the first two years of life. Only one study has investigated admissions beyond childhood by modelling the probability of admission and length of stay over the life-span for those with and without OFC. 9 No study has described in detail, all admissions until adulthood.
Using linked population-based data from Western Australia (WA), we describe the hospitalisation experience of individuals born with OFC by comparing their likelihood and number of admissions, time spent in hospital and reasons for admission, with individuals not born with OFC, from infancy to adulthood. This information is important for families with children born with OFC, as well as for health professionals, planners and policy makers.
METHODS

Data sources
We used record-linked data from five data collections in WA. The WA Register of Developmental Anomalies (WARDA), is a population-based statutory system of congenital anomalies, with multiple sources of ascertainment of structural and functional anomalies diagnosed up to six years of age. The Midwives Notification System (MNS) is a legislated surveillance system covering all births in WA of >20 weeks gestation or 400g birthweight.
The Birth and Death Registries collect data on all births and deaths registered in WA. The
Hospital Morbidity Data System is a census of all public and private inpatient admissions in WA. Individual's records from these sources were linked by the WA Data Linkage System using probabilistic matching. 
Study population
Hospital admissions
We received all hospital admission records from 1 January 1980 to 31 December 2012 for study participants. Hospital birth records were provided only for infants requiring admission;
hospital birth records for healthy infants were not provided. Where consecutive admission records indicated hospital transfers or a change in the type of admission, these records were merged into one admission. Length of hospital stay was calculated as the time between admission and discharge. Where admission and discharge occurred on the same day, the duration of hospital stay was considered to be 0.5 day, to reflect some period of hospitalisation.
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From 1980 to 1987, diagnoses were coded according to ICD-9 and procedures using the International Classification of Procedures in Medicine (1978) . From January 1988 to June 1999, diagnoses and procedures were coded according to ICD-9 CM, and since July 1999, ICD-10-AM and the Australian Classification of Health Interventions have been used to code diagnoses and procedures respectively. To allow comparisons across the study period, all diagnoses and procedures were mapped to ICD-9-CM codes.
Admissions were defined as cleft-related or not (Table 1) , after discussion with cleft treatment experts (DG, WM) and included both surgical and non-surgical admissions. We defined reasons for non-cleft-related admissions using the principal diagnosis categorised according to ICD-9 chapter headings. As admissions for middle ear related conditions are common among infants with OFC, 11 we separated admissions for diseases of the ear from diseases of the nervous system. Readmissions within 28 days were excluded from the analyses describing reasons for non-cleft-related admissions. 
Analyses
RESULTS
Of the 1396 children born with OFC between 1980 and 2010 and alive at one year, 345 were born with CLO, 412 with CLAP, and 639 with CPO ( 186 and 127 admissions respectively).
The burden of hospitalisation, including the proportion of children admitted, number of admissions, and cLOS was considerably greater for children with OFC than for children without OFC, was highest in infancy and between ages 5-<12 years, and this disparity continued up until adulthood (Table 3) . Generally, children with CLAP or CPO had more admissions and longer cLOS than children with CLO, and children with CLAP had the highest rates of admission in every age period.
In their first year, nearly all children diagnosed with OFC were admitted to hospital, compared with 36% of children without OFC. Primary cleft repair (Table 4) usually occurred in the first year and was a major contributor to admissions in this period. However, the age at repair for children with a submucous cleft palate was significantly older (approximately 3 years 9 months) (p< 0.0001). Admissions for non-surgical cleft-related care (such as nutritional needs, social work, breathing difficulties) were also common in the first year, accounting for 35.1% of cleft-related admissions.
In each age period up to 12 years, children with and without OFC and with an additional anomaly had more admissions and longer cLOS in hospital compared to children with isolated OFC, or with no OFC respectively. In adulthood (18-<25 years), around 50% of adults with or without OFC were admitted to hospital with the median number of admissions and cLOS in hospital similar for all groups. Those with CLAP however, were more likely to be admitted (Table 3) .
For children with complete follow-up until 18 years, most with CLO or CPO (53.0% and 66.0% respectively) had no further cleft-related surgery after primary repair. Another 31.3%
and 23.0% respectively had one additional surgical admission, the remainder having more.
Among children with CLAP, 9.5% had no further surgical admissions, 14.5% had one, and the majority (60.9%) had 2-4 additional surgical admissions.
Children admitted in 2000-2012, with or without OFC, generally spent less time in hospital, despite having similar numbers of admissions, compared to admissions during 1980-1999 (Table 5) .
After excluding cleft-related admissions, there were marked differences in the rates and reasons for admission for those with OFC compared to those without (Table 6 ). Among children with OFC, the pattern and relative rate of admission was similar between those with CLAP and CPO, with their relative rate of admission being higher than for those with CLO.
For all children with OFC, particularly those with CLAP and CPO, admission rates for ear problems (92.6% were middle ear conditions) were 10-40 times higher, and digestive system problems (70.6% admissions after one year of age were dental diagnoses) were 4-6 times higher up to the age of 12 years and twice as high in the 12-<18 year age-period. Admissions for respiratory conditions were 1.3-2.0 times more likely for children with CLAP or CPO (but not CLO) in infancy and the pre-school period. In the same age periods, children born with CPO were around six times more likely to be admitted for treatment of another congenital anomaly compared to admissions for congenital anomalies in the comparison group. In the oldest age period, admission rates for the most common diagnostic categories amongst those with OFC were no different to those for adults without OFC.
DISCUSSION
This is the first study to describe in detail, all hospital admissions up to adulthood, for children born with OFC. The increased likelihood and number of admissions, and longer cLOS for individuals with OFC highlight the disparity in burden of hospitalisation for these children. The use of hospital services was highest in the infancy and primary school aged years but continued up until adulthood. Children with OFC and an additional anomaly had more admissions than children with isolated OFC up until age 12 years. cLOS was also longer for children with an additional anomaly during infancy (all cleft types), pre-school (children with CLAP and CPO), and in the primary school period for children with CPO.
Admissions in the early years for children with OFC were similar to those found in other population-based studies, 5, 8 although differences in age groups hinder direct comparisons.
Only one other population-based study has investigated differences in hospitalisations into adulthood and reported that individuals with OFC had greater use of hospital services than individuals without OFC in all age groups up to 60 years old, and that differences decreased with age.
9 Most other population-based studies of hospital admissions for children with OFC have investigated all-cause admissions. [5] [6] [7] 9 Only one other study has distinguished admissions directly related to cleft management from other admissions. 8 In that study, surgical admissions related to the face, mouth, palate, pharynx nose and middle ear were designated cleft admissions; non-surgical cleft-related admissions (for interventions such as nutrition and counseling) were excluded from this category, thereby under-estimating cleft-related hospitalisations. 8 Reasons for admissions for children without OFC were similar to those reported in a large population-based study, also from WA, comparing admissions between children with and without congenital anomalies. 10 In our study, children with OFC consistently had higher admission rates for respiratory, ear, and digestive system conditions. The higher rates for respiratory admissions in infancy and in the pre-school period reflect findings from another population-based study of admissions for acute lower respiratory infections (ALRI), where children born with CLAP or CPO had over twice the risk of admission for an ALRI during the first two years of life compared with children without congenital anomalies. 14 High prevalence of middle ear conditions are well documented, 11, 15 but no population-based comparisons for middle ear and dental conditions have been reported. Even though our admission rates were high, they may be under-estimated if procedures for other conditions (such as procedures for middle ear conditions) were also performed during admissions for cleft management. Higher relative rates of admission for children with OFC are also possible if they are more likely to be admitted for these other conditions (and less likely to be treated out of hospital) than children without OFC.
The distinction between cleft-related admissions and other admissions may however, be artificial as anatomical differences in children with OFC may increase vulnerability to these conditions. Children with cleft palate have impaired Eustachian tube function increasing susceptibility to otitis media with effusion. 11, 16 Increased need for dental services may be explained by disruption at the cleft site affecting tooth development, 17 making good oral hygiene difficult and increasing susceptibility to dental caries, 18 or requiring extraction as part of the treatment. Similarly the increased risk of respiratory infections for children with CLAP or CPO may be due to anatomical defects that increase the risk of pathogens entering the upper respiratory tract and lung, and surgery under anaesthetic (for which children with OFC have at least one admission during their first year) may also contribute. 14 While the distinction between cleft and non-cleft-related admissions may be debatable, it highlights the additional hospital use for children with OFC, above that directly related to cleft management.
Our study covering 25 years, using linked data from 1980, and with OFC status defined using a population-based congenital anomaly register with active surveillance, enabled comparisons in all admissions between those born with OFC, and those without. Completeness of registrations of individuals with OFC is estimated to be 100% 19 and with diagnoses up to six years of age, children with all cleft types were included. The quality of our data is high with linkage proportions >99%. 20 Diagnosis and procedure coding changed twice during the study period, potentially affecting accuracy. 21 Although coding became more detailed in later versions, we were limited to the broader categories defined by the earlier coding systems. There are no validation studies evaluating the accuracy of diagnoses and procedures for admissions related to cleft management, but in the WA hospital morbidity data, procedures are more accurately recorded than diagnoses, and major procedures and diagnoses are likely to be identified. 22 Although we potentially misclassified some cleft and non-cleft admissions, all-cause admission analyses would not have altered.
Excluding infants who died after the beginning of an age period may have under-estimated the use of hospital services in both those with and without OFC, if they were relatively higher users of hospital services. However, the small number of children who died seems unlikely to have affected our results. We consider that children who were born too recently to contribute data over a complete age period were likely to have similar hospital use to those included in those analyses, and their exclusion was unlikely to bias results. We could not determine how many participants moved out of state during the study period, but migration out of WA was 
Table 1. Cleft related admissions
Cleft related admissions included all admissions where the main diagnosis was attributed to an orofacial cleft (OFC) or where specific procedure codes indicated cleft repair (cleft lip or cleft palate repair, cleft palate revision), regardless of the main diagnosis code. In addition, other admissions were also defined as cleft related where plastic procedures to the mouth, nose, palate or pharynx, or orthognathic surgery were conducted (similar to definitions used by Fitzsimons et al 8 ) . Other admissions where non-plastic procedures to the nose or mouth and pharynx were recorded were also regarded as cleft admissions, but only if they occurred in admissions for children with diagnostic codes indicating scars, nose anomalies, lip conditions, or dentofacial anomalies. Unlike Fitzsimons et al, admissions where procedures to the middle ear were performed, or any procedures to nose or mouth region, were not classified as cleft related admissions unless they were performed in an admission meeting the criteria above. Any admissions where the principal diagnosis indicated injury (unrelated to complications of surgical or medical care) were not regarded as cleft related admissions. More detail is provided in the table below. Non-plastic procedures to the mouth † Admissions where main diagnosis was coded to injury (other than a medical complication) were not regarded as cleft admissions.
Criteria defining cleft related admissions
Admission for primary repair of the cleft
The admission for primary repair of the cleft was defined as the first admission with a procedure code for cleft repair. Additional admissions for primary repair of the palate were identified where, up to one year old, a procedure code indicating a revision of the cleft was recorded but no primary repair code. ¶ For admissions between 1980-2012 and up to 25th birthday; admissions at birth for normal healthy babies were not provided by data custodians and therefore are not included. 
